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GEOMETRICAL ACOUSTICS AT MICROWAVE FREQU]ECIES

OBJECTIVE

The purpose of this investigation is to study focusing and deflection

of microwave acoustic bulk wave and surfade wave beams in inhomogeneous

anisotropic solids and to evaluate potential device applications of these

effects. Initially, the emphasis was on strictly geometrical effects and

on inhomogeneities induced by means of magnetic and electric fields applied

to ferromagnetic and semiconducting crystals. The investigation was later

expanded to include diffraction effects and optically induced inhomogeneities,

using mechanisms such as photoconductivity in piezoelectric media.

I. CONTROL OF ACOUSTIC SURFACE WAVES WITH PHOTOCONDUCTIVE FILLS

A. Introduction

In Reference 1, experiments were described in which an acoustic surface

wave is reflected by an optically induced pattern of conductivity in a photo-

conductive CdS film overlay on the substrate surface. The pattern (which

is produced by imaging the shadow of an appropriate mask onto the CdS film)

has the form of a grating of illuminated quarter-wavelength bars, with quarter-

wavelength spacings. If the bar width and spacing is increased to one-half

wa elength, the same interaction leads to scattering from a normally-incident

longitudinal volume wave into a surface wave (Fig. 1). Volume-to-surface

scattering of this kind has now been observed experimentally and is found

to be in fairly good agreement with theoretical predictions.

B. Theory

A Born perturbation analysis of volume-to-surface scattering and surface-

to-surface scattering has been developed by using the normal mode approach
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FIG. 1--Photoconductive scattering of a longitudinal volume
wave into a surface wave.
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to surface wave analysis.e_3 Only the lowest order term is retained in the

parturbation calculation. The scattering calculation can therefore be carried

out first for a single bar of the grating (Figs. 2 and 3) and then summed

over the entire grating.

If the photoconductive effect is assumed to be isotropic, the permit-

T
tivity of the illuminated :regions in the CIS film is changed from • to

e T' T + eKI(yz)/iw W
£ = (1)e

where e is a perturbation parameter and

K = photoconductive constant

I(y:z) = optical illumination intensity

The perturbed elcctric and acoustic fields are then expressed as

E' =Eo) + eE() +I

' b,(0) + . ) +

(2)

T'= T(0) + eT( l)4.

Vt= - (V) + ev W

These fields must satisfy the divergence equation

3 0. (3)
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with

=T E+ T'

As in the derivation of Ingebrigtsen's perturbation formula, the

assumption is made that the stress field is essentially unperturbed.• The

first-order term in (3) is then

v.ST. E(M) - P equiv (5)

where

(0)

p - -. (yz) o (6)equiv RD

is the equivalent source of the first-3rder field. One first evaluates

Pequiv from the zero-order (or incident wave) field. The first-order

(or scattered wave) field can then be obtained from the mode amplitude

equation 2,3

(~- i~ a.c r (z),L~ - i6R a_(z)_-f( , )

where

aR_(z) amplitude of the scattered surface wave traveling

to the left in Figs. 2 and 3

0

f (z) - 1 (r) (iW P ei "
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FIG. 2--Surface wave to surface wave scattering at a single
photoconductive bar.
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FIG. 3---Volume wave to surface wave scattering at a single
photoconductive bar.
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ow.

(R(y) = electrical potential field for a unit amplitude

surface wave

P = power density/unit width for a unit amplitude
R

surface wave

A computer calculation of the surface wave fields in the CdS layer shows

that (D is constant to an accuracy of ±10% and can therefore be

removed from the integral in f(z).

From (6) and (7), the amplitude of the scattered surface wave is2

* +2 0 () Rz

lapI = K ýIE ( )+ (+ o) ) ýe dydz (8)PR Z -H O

where OR is the surface wave propagation factor. The illumination

intensity I is independent of z within the bar (-9 to +2 in Figs. 2

and 3) and varies exponentially with y . That is

1 oI e -- ao(y+H) , (9)

where 20 is the optical absorption factor in the CdS. For volume-0

to-surface scattering, the zero order field is independent of z and

the second term in (8) is zero. In the surface-to-surface case the

second term is not identically zero but it can be shown to be of neg igible

importance compared with the first. The scattered wave amplitude is

therefore
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laR I KI!o ( e 0 )(0) - )(-H)

To evaluate (10), one must consider the volume-to-surface and

surface-to-surface problems separately. Details of the calculation

will b- given in a journal publication now in p•,eparation. For the

geometry shown in Fig. 1, with n = lim and a frequency of 102. 5 IM{z

the scattered wave amplitude for surface-to-surface scattering is

aRIss = 5.75 x l0 KOR 4R 1/2 (lP)

and for the (longitudinal) volume-to-surface scattering it is

* 1/2

Ia _ vs ý 7 x 101 0 Ko 1R Pv (12)

OR )4PR

with

p = power density/unit width for the incident surface wave

S= power density/unit area for the incident volume wave

From (11) and (12) the ratio of the scattered powers is

~ out )v I.,I, xlo 6 l Pv

(p out) (Id)o P
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This is for a single grating bar in each case. Summing the scattered

wave amplitudes over the N bars in the grating gives a scattered

pawer proportional to NH . One then has

( out ' Pin ) V1.4 x l-6 1.(12 1O) rs ( 3(~ u/Dn O 1 ( ) (j

where

Pv =(Pin)-vs/A

P - (Pindss/w

-2rom Fig. 1.

C. Experimental iiesults

Experiments were performed at 102.5 IMz , using a 16 bar photo-

conductive grating fo.. volume-to-surface scattering and a 20 bar grating

for surface-to-surface scattering. Optical illumination was provided

by the pulsed argon laser described in Reference 1. The width w of

the surface wave be3am and the area A cf the longitudinal wave beam are
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= 1.45 x 10-3 m
O-62

A = 1.2 6 5x10 m

If the optical illumination intensity is the same for both volume-to-

surface and surface-to-surface scattering, (13) predicts that the volume-

to-surface scattering efficiency is 29.3 dB smaller than the surface-to-

surface scattering. Experimentally observed results for several different

Wstems were 33 dB , 31 dB , 38 dB , and 27 dB . It should be noted that

the adjustment of the optical mask in order to obtain optimum scattering

i. quite critical, and there is no guarantee that the volume-to-surface

and surface-to-surface scattering losses were measured under exactly the

same conditions.

The experiments were usually performed by exciting a surface wave in

Fig. 1 and detecting the scattering longitudinal volume wave. Spurious

signals presented the major obstacle to getting a clear picture of the

scattering. Echo patterns, resulting from excitation of the volume trans-

ducer by (a) direct electromagnetic radiation Prom the input interdigital'

transd&cer (b) electromagnetic radiation from the surface wave pickup transducer,

and (c) possibl- acoustic reflections from the leading or trailing edges

of the CdS film, all served to hide the scattered bulk wave. Eventually,

careful shielding and grounding solved most of these problems. Fig. 4,
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shows a sample of the volume wave transducer output with and without the

optical grating pattern applied to the CdS.

The remaining problem is one of absolutc scattering losses. Typically,

in our experiments, we had total transducer losses averaging about 20 dB.

Total insertion loss from input to output varied from 74 dB to 84 dB ,

and the absolute scattering loss therefore varies from 54 dB to 64 dB

It should be noted however that the surface-to-surface scattering ranged

from 10 to 25 dB larger than the best value reported in Reference 1. The

photoconductive quality of the CdS film is a critical factor and probably

accounts for this difference in the observed surface-to-surface scattering.

With a 5 dB surface-to-surface scattering loss, as given in Reference 1,

one should expect a volume-to-surfao'e scattering loss of 33 dB for a 20

bar grating. Theoretically, the scattering efficiency should vary as the

square of N , the number of bars in the grating. It is to be expected

that this relationship will be modified by attenuation due to the CdS

conductivity and to multiple reflections, which have been ignored in the

calculation. Surface-to-surface scattering measurements have shown that

the scattering varies nearly with N rather than as N . One should,

therefore, still be able to reduce the scattering loss by increasing N

II. FRESNEL ZONE FOCUSING AND SCANNING OF VOLUME ACOUSTIC WAVES

A. Introduczion

The purpose of this study is to investigate the focusing and scanning
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(a)

(b)

FIG. h--Transmission from input to output transducer in Fig. 1.
(a) Laser off; (b) Laser on.
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of acoustic beams using acoustic Fresnel zone plates with both fixed and

phctoconductive transducers-. Some of the results have been described in

the Drevious Annual Report (October 1971).

B. Calculated behavior

The concept of a zone nlate was described in the previous renort.

For a monorhromatic plane wave incident on the aperture plane of Fig. 5,

Huygens wavelet construction at the aperture plane indicates that radiation

of all phases reaches the point P . Blocking all but in-phase radiation

should increase intensity over the uniform illumination case. From Fig. 5,

if the regions between r, and r, , rk. and r etc. are made nonradiating,
nk

and if Rn = R0 + - , all energy at P will be in phase. From the diagram

R 0+r = R

For cases where R0>> nX , this reduces to

rn = nAB0  = nr(

where it is seen directly that the focal length, R0  is a function of

frequency

The behavior of a given zone plate constructed in accordance with (1)

may be calculated using the Rayleigh-Sommerfeld diffraction integral

U(xz) p exp (x0 + - 2x 0 cos 1 dode (e)

U j2nz 1
0 0 P
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tete exrimeiits- terfcr"emed imO'frTTe ten Zane le=-ez.

The inte=-itY ga~ftt orr- iz-atreic wttemLizwipe facrm' iz L.CO,

cmrre:SDOVY0irm to t'he rule

-Zhere Nt i.s z~e nu z=oer cf zo---ez

~atz~rs ~e~ce crc .i~cae.7 -Zhen th acýc- tc-c

f~or longi1tudinal ac-u-stic uiaves: -ronagat-Irg clcose to- ttge thnree- for

anti zL<-fcld uur-e mc~des axes. Eouati-O (2" r=uist th-ev be correct'$ed '.r

ýU(7 0 ,z) 0_____ ex0 x~p4x o6J~

UO j2,-rz(1-2b) f4 [27.(-2b)+J(3

from which it ir seens that tqhe focal length has increased by a factor

-yfliere, b ft called the ani;;o-tro~ factcr.



Afn '-1mei - bs eig perso'rne in Telhch the Fresne-I zone pztee

tr~sd&eercribed in the Annvjal Ranzrt Ncf emaber 1W!3 -Er Ucsed to

t0C he acaztt5ei be-n nt a thin -amte 32~~c- t!e er-e 02. the

:Sapphire ctysvt21. Rt "hwis ca-se the zwne nlete is etched into, the

coannfer e~lectrcde of 'the Z cnncii nO trez&ce-- demasitted

on the sap i~re crystal and an Au-SiO :iz.Aedance zmntchirng Itransfc-rmer

iz~ ~ evstdanteotheri~ in t~e, t-; neh into the The~'

-crss rrcticn Of betic h _-Ji -AMMi tIaZed b 12aC ~ I

baasric 0~1 (-7 t= -in di;=zeter) in the liquid an observing the

di-splacaz=ents -it-h 50 X optical itnfctin ig ne

fccall nlafe intensit.-y cistr~buttien as seen by usir.4 1.1 ablsin a

hz layer of -4ater. sndowicihed bettween the crystal 2ain a tran~sparent

luci-te ziat-e. T-h-e central swt is approimA=2e].v 2C,~ u:- in diamzeer, as

exuect.ed- fran the- Uheozry. Fig-. 7 shmws the intense streaning pattVern-

that results when a drop of Lae cnanig 3 - 7 -z al ssn:-

Dolaced! on the crystal.

Scattering of a surface acovi-stic wave into a volume wave by a

photoconducttive grating haz been obser-ed experimentally, the results

being in fairly good agreement with theoretical predictions. A

publication is now being prepared.

Preliminary experimental observations have been made of the focal
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